The total synthesis of smenochromene D, an unusual ansa-terpenoid is described. The synthesis features an unprecedented macrocyclization proceeding through a biomimetic electrocyclization. The enantiomeric relationship between smenochromene D and likonide B is established.
The smenochromenes are a family of macrocyclic chromenes isolated by Faulkner and Clardy in 1991 from a Seychelles sponge of the genus Smenospongia ( Figure 1) . 1 In 2004, Kashman reported the structures of likonides A and B isolated from a Kenyan sponge, Hyatella sp. 2 While the relative and absolute configuration of the likonides was established by detailed NMR studies and CD spectroscopy, respectively, their close structural resemblance to the smenochromene family apparently was not noticed.
Biosynthetically, these bizarre molecules are presumably derived from various cyclizations of a common farnesyl hydroquinone precursor. 1, 2 In addition to their interesting biosynthesis, however, the smenochromenes attracted our attention due to their unusual stereochemical properties. Two stereogenic elements, an ansa-bridge and a quaternary stereocenter, can be identified in the molecules. These stereogenic elements are not independent of each other, however, due to the constraints of the 14-or 16-membered macrocyclic ring. Notably, smenochromene A was isolated as a racemate, whereas smenochromenes B, C, and D occur at least in enantioenriched if not enantiomerically pure form. 1 According to our work, likonide B appears to be an enantiomer of smenochromene D (see below).
A probable mechanism of the racemization of smenochromene A is shown in Scheme 1. Electrocyclic ringopening of one enantiomer 1 affords ansa-ortho-quinone methide 2. This planar chiral intermediate can undergo racemization through ring-slip (2 → ent-2). Subsequent 6p-electrocyclization leads to chromene ent-1. Apparently, this type of racemization is not feasible, or at least attenuated at ambient temperatures, with smenochromenes B, C and D due to the constraints of their macrocyclic rings. The realization that the chromene core of the natural products presumably arises from the 6p-electrocyclization of an ortho-quinone methide guided our retrosynthetic analysis of smenochromene D (Scheme 2). 3 A logical precursor of the ansa-ortho-quinone methide intermediate 3 would be the 16-membered macrocyclic phenolate 4, wherein X represents a benzylic leaving group. Compound 4, in turn, could be traced back to methoxy hydroquinone 5 and farnesol as the source of the fifteen terpenoid carbons.
Scheme 2 Retrosynthetic analysis of smenochromene D.
Accordingly, our synthesis of racemic smenochromene D (and likonide B) starts with the known allylic alcohol 7 obtained from farnesyl acetate 6 through selective oxidation of a terminal allylic methyl group. 4 Mitsunobu reaction of this material with phenol 8, the Baeyer-Villiger oxidation product of vanillin, 5 gave phenolic formate 9 in good yield. Saponification of the formyl and acetyl ester followed by Parikh-Doering oxidation 6 afforded the unsaturated aldehyde 10 as a mixture of stereoisomers and set the stage for the key macrocyclization. Notably, a variety of other oxidation methods (e.g. PCC-, Swern-, or Dess-Martin oxidation) failed to cleanly afford the unsaturated aldehyde due to the sensitivity of the very electron rich phenol moiety toward oxidation.
Macrocyclization with concomitant chromene formation was achieved under the conditions reported by Snieckus et al. 7 Refluxing a solution of 10 in the presence of one equivalent of phenylboronic acid afforded smenochromene D in 26% yield. 8 Presumably, this conversion proceeds via boronic acid-mediated hydroxyalkylation 9 followed by elimination to afford ansa-ortho-quinone methide 3 (Scheme 3). This highly reactive intermediate then undergoes diastereoselective 6p-electrocyclization to afford the racemic natural product. While its yield is modest, this reaction does represent the first use of the methodology toward the synthesis of a large (16-membered) and strained ring. 1,2 respectively, as well as a detailed NOE study, however, showed that the two compounds are identical with respect to their relative stereochemistry. Smenochromene D and likonide B, therefore, appear to be enantiomers, or at least enantioenriched in an opposite sense, explaining the wide discrepancy in the absolute numerical value of their reported optical rotation.
In summary, we have achieved a concise, five-step synthesis of racemic smenochromene D (likonide B), starting from commercially available farnesyl acetate. Synthetic studies directed at other members of the smenochromene family are well underway in our laboratories and asymmetric versions involving chiral Lewis acids or arylboronic acids will be attempted. The conversion of likonide B into likonide A via [3, 3] sigmatropic rearrangement, as well as the conversion of the hetero-macrocyclic into the carba-macrocyclic smenochromene series is under active investigation as well and will be reported in due course.
